Ion mass spectrometers were carried by a number of satellites in the 1970s. The ion composition measurements from two of these missions, the Orbiting Geophysical Observatory-6 and the Atmosphere Explorer-C, have been collected into an ion composition data base to evaluate several widely used empirical and theoretical models for the species H~, He 4, N~, 0~,NO4, Nj~, and Oj~.The data base covers all latitudes and local times, and the altitude range from 150 km to 1200 km, but here we present altitude plots of the ion densities atnoon and at dip latitudes of 20~400 N. The satellite data are compared with an early ion density profile by Johnson, with the Koehnlein and IRI-90 empirical models, and with the Utah State University theoretical ionosphere model. These comparisons serve to verify some aspects of the models, but they also reveal some outstanding differences. The solar activity dependence of H4, He+, N4, and 0~is demonstrated, although this has not been possible for the molecular ions because low altitude measurements have not been made near solar maximum.
INTRODUCTION
The importance of a knowledge of ion composition for understanding ionospheric plasma processes such as plasma outflow, the polar wind, ion chemistry, and a variety of plasma instabilities cannot be overstated. A series of satellites made in situ ion composition measurements between late the 1960s and the early 1980s. References to these satellites and the resulting data bases are given by Bilitza /1, 2/. Explorer 31 made ion composition measurements between 600 and 3600 km between November 1965 and January 1971. The only ion composition measurements during the 1980s were made between 800 and 900 km from 1K1300 between August 1981 and December 1983 and from the AE-E at low latitudes and ataltitudes in the vicinity of the F region peak.
Clearly, the 1970s provided a rich ion composition data base. These satellites covered a wide range of latitudes and altitudes, and the full range of local times were covered. Owing to the relatively short lifetimes of the satellites, however, the full range of solar cycle variations was not resolved, particularly for measurements in the lower F region which are only available from the deep diving AE satellites. A similar F region global data base is not available for the 198(Ys. 
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In this brief paper, altitude profiles of the ion composition measurements of the 7 species H4, He 4, N4, 0~, N~,NO4, and O2~are constructed statistically from 000-6 and AE-C ion measurements. AE-C was the first in a series of three Explorer satellites which were provided with propulsion to control perigee and apogee, thus making possible in situ measurements down to nearly 130 km. See Hoegy and Grebowsky /3/ for furtherdetails on the AE-C orbit. These data are compared with the latest International Reference Ionosphere, IRI-90, (Biitza, private communication), the empirical Koehnlein model /4, 5/, and the Utah State University theoretical model of Schunk /6/. The data are also compared with the early altitude profile Of Johnson /7/ which was the first calibrated profile of ion density using satellite and rocket data.
THE SATELUTES AND THE MODELS
Before comparing the OGO-6 and AE-C data with the empirical and theoretical models, we provide further information on the satellites and the models. The 000-6 and AE-C ion mass spectrometers were nearly identicalinstruments, and the data were not normalized to any other measurements, so comparisons are expected to be especially meaningful. However, the two missions were conducted at quite different parts of the solar cycle, so we have an opportunity to examine the variation of ion composition with solar activity, at least at altitudes near and above the F2 peak.
The measurements used in the Johnson paper /7/were made in early 1963 (rocketmeasurements from 90 km to 240 kin) and early 1964 (satellite measurement 400 km to 1200 kin). Thus the rocket and satellite data used by Johnson were not obtained simultaneously, and were not taken at the same local time or latitude. The rocket was launched at White Sands, New Mexico at 9:34 local time and 330 N latitude on February 15, 1963 while the the data from the Soviet satellite, Electron 2, covered the local time period 1400-1900 hrs over latitudes 10°-60°N latitude and at altitudes from 400 km to 1200 km during February 10-16, 1964 . The ion composition measu~çments used by Johnson were converted to absolute ion densities by normalizing to electron densiiiesdbtained from simultaneous Doppler radio propagation and ionosonde measurements. This was a period of low solar activity, with the 3 month average 10.7 cm solar radio flux about 70 FIT, similar to those present during most of the AE-C mission.
The 000-6 data were obtainedwhen the 3 month average 10.7 cm flux was about 140 FIT. The 000-6 data set covers the time period June 1969 to June 1971 in the altitude range 390 km to 1036 km. For the present comparisons, only data in the local time range of 2 bra about noon and in the dip latitude range 20-40°N were selected, and data from all seasons are included. The data were uniformly distributed in longitude (UT) and occurred in a 20 day interval centered on day 130 and in a 30 day interval centered on day 215. These two intervalsoccur nearly symmetrically about summer solstice. The 000-6 data were obtainedfrom the NSSDC on IBM tapes which were converted from EBCDIC to ASCII format and stored on magnetic disk for data processing. The ASCII datawere also written on magnetic tapes and returned to the NSSDC for archiving.
The lowest altitude AE-C data were obtained during the eccentric phase of that mission in 1974 when F10.7 was about 80 FIT. In 1975 and 1976, when AE-C was in a circular orbit near the altitude of the F peak (about 300km), the 10. The AE-C data used here covered the altitude range 150 km to 1200 km and were limited to local times of 2 hrs about nOon and the dip latitude range of 20.400 N for all gea~sons. These data occurred in 3 intervals about 20 days long, centered at days 50, 130, and 255. Most of the data above 400 km occurred in the day 130 interval. The data are uniformly distributed in longitude. Thus at altitudes where the AE-C and 000-6 data overlap, the. two data sets have the same seasonal and longitude coverage. The AE-C data were obtainedfrom the Unified Abstract file of 15 sec averages which is also available from the NSSDC greater than the 000-6 density at 600 km. This difference could be due to differences in solar activity, a different seasonal bias of the data sets, or a longitudinal bias of the data sets. As mentioned above, there is no longitudinal bias in the 000-6 and AE-C coverage. The seasons are nearly the same where the data overlap in altitude, since most of the 000 data above 600 km were taken midway between summer and fall, while the AE-C data were obtained midway between spring and summer. Therefore we conclude that the H 4 density differences in the 000-6 and AE-C data are due to solar activity. This comparison shows that H4 decreases with increasing solar activity. The Johnson profile falls generally between the AE-C and 000-6 measurements, except below 500 km where it exceeds both of the satellite average profiles. The density gradient of the Johnson profile is rather flat compared with the data. The IRI-90 model Hprofile is steeper than the satellite profiles, but it diverges above 800km and is an order of magnitude greater than the AE-C values at 1200 km. The mi model extends only down to 650 km because ion composition less than 1% is neglected. The Koehnlein model agrees with the AE-C data below 500 km and tends to follow the 000-6 data above 700 km, although it should agree only with the low solar activity AE~Cdata.
A number of factors could contribute to the difference between the satellite and model profiles of H4. Longitude variation of the IRI model introduce a spread of about a factor of 4 in the density. The seasonal variation of IRI introduces about a 37% variation at 700 km, with winter having the highest density and summer the lowest. The Koehnlein seasonal variation of iP is opposite to the IRI-90 variation. The width of the AE-C and 000-6 bins (20°in latitude, 4 firs in local time, all longitudes allowed, all magnetic activity allowed) contributes to the scatter in the satellite data.
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- Figure 2 compares the He4 densities from the satellites and the models. The AE-C and 000-6 data and the Johnson profiles show nearly constant density between 600 km and 900 km, with the satellite data about a factor of 3 lower. The AE-C values rise well above the 000-6 measurements below 600 km where they agree better with the Johnson model. This behavior is consistent with solar activity biases in the data bases; at low altitudes He~decreases with increasing solar activity; at high altitudes it has the opposite behavior. The arguments used to rule out longitude and seasonal causes for differences in 000-6 and AE-C measurements of H4aiso apply to He 4. The 1RI-90 profile diverges radically from the data above 600 km. Below 800 km, the Koehnlein profile lies between the 000-6 and AE-C averages. This behavior is not understood, since the Koehnlein profile is for low solar activity. Above 600 km, the Koehnlein profile agrees well with the both the AE-C and 000-6 data. &Density Figure 3 compares the N4 densities from the satellites and the models. They agree well, except for the Koehnlein model. The Koehnlein model is consistently lower than the AE-C data and falls off faster than the data at the highest altitudes, although it has the same slope as the 000-6 data above 400 km. The differences between the 000 and AE measurements suggest a solar activity variation, with the N4 density increasing with increasing activity. This behavior is opposite that of the lighter ions in this altitude range. The Johnson profile agrees well with the 000-6 and AE-C averages. measurement reveal a small solar activity effect similar to that of N 4, with the density increasing with increasing solar activity. The Johnson profile is consistently lower than the satellite data by about a factor of 4. The IRI-90 model agrees rather well with the 000-6 data, and is higher than the AE-C data except at altitudes below the F2 peak. The Koehnlein model falls about a factor of 4 below the AE-C data, but the proffle has nearly the same shape. The shape of the USU model is also similar, but it falls below the data because the model corresponds to dip latitude of 55°rather than 20-40 degrees for the other profiles. If the behavior of the mi model as a function of dip latitude is used to scale the TJSU model to 300 dip latitude, then the USU model lies within the error bars of the AE-C data.
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1~i~"Density Figure 5 compares the N 2 4 densities from the satellites and the models. The AE-C and 000-6 data agree at 400 km. but the errorbars on the 000-6 averages are so large that the increase in N2+ above 400 km cannot be trusted. There may be some increase in Nj~with increasing solar activity, but probably not enough to produce the observed difference in the averages of AE-C and 000-6. The AE-C data appear to be consistent with the Johnson profile at 250 km. The Koehnlein model also agrees with the AE-C data between 250 km and 400 km, but exhibits a lower peak density than either the AE-C data or the Johnson profile. QDensity Figure 7 compares the 02densities from the satellites and the models. The AE-C and 000-6 densities agree very well up to about 400 km, where a few outlier points cause the AE-C average to diverge from the general trend. The Johnson proffle matches the AE-C trend where they overlap between 150 and 210 km. The IRI-90 profile is slightly higher than AE-C at altitudes above 250 km, and is lower than the Johnson profile at lower altitudes. The Koehnlein profile agrees with the AE-C data above 250 km and Koehnlein model at low solar activity should agree with the AE-C data, however, it sometimes agrees better with the 000 measurements, and it is systematically lower for N+ and 0+. If the Koehnlein model were available in computer form, additional comparisons with the AE-C and 000-6 data could be made more readily. The IRI-90 model does not agree well with the satellite data for H4 and He4, and its values for (Yãre about a factor of 2 higher than the AE-C averages. For NO+ and 02~above 250 km, the 1RI-90 is higher than the satellite data. The USU model, when corrected for the latitude differences, agrees within a factor of 2 with the AE-C data. A better comparison with the USU model will be possible in the future when that model is available at lower latitudes.
We determined the variation of ion composition with solar activity. H4 and He4 decrease with increasing with solar activity, whereas N4, 0+ increase. Since the OGO data exist only above 390 km, the variation of the molecular ions, N 2 4, NO4, O2~, cannot be determined from this data base. More low altitude data are needed at higher solar activity levels.
These comparisons of the AE-C and 000-6 ion composition measurements with the most widely used empirical and theoretical models have revealed a number of shortcomings in our understanding of some of the fundamental aspects of ionosphere behavior, particularly the variations in ion composition with solar activity. They demonstrate the need for further verification and upgrading of the models using existing spacecraft data, and the need for additional in situ measurements from deep diving satellites, particularly near solar maximum.
